The wavelength accuracy of ten different types of spectrophotometer was tested with holmium perchlorate solutions. It was found to be good, with mean deviations from the literature values of maximally 0.3 nm. Standard deviations over the entire spectral ränge were within 0.75 nm.
Introduction
In spectrophotometry it is essential to calibrate absorbance (A) äs well äs wavelength ( ). Interlaboratory surveys for this evaluation in (clinical) chemistry laboratories have been performed only on a very limited scale. These surveys are usually restricted to the measurement of the absorbances of dichromate or cobaltous sulphate Solutions (1) (2) (3) (4) . In the programmes of the German Society for Clinical Chemistry, absorbance checks at different wavelength are performed at regulär intervals.
In the present survey we decided to use a holmium oxide solution in perchloric acid, because the absorption spectrum of holmium (Ho 3+ ) shows a great number of sharp peaks, providing an excellent means of calibrating the wavelength scale and the absorbance at the same time.
The sharpness of the peaks emphasized the need for narrow band pass filtering, and we attempted to demonstrate the errors that can arise from a lack of care in this area. We therefore purposely failed to meet one of Rand*s criteria: broad absorption peaks (5) , while adhering to his other criteria. Although few data are available from the literature about holmium absorption spectra (6, 7, 8) it is reasonable to expect that these data can be used comparatively in the present investigation. The spectrum (flg. 1) shows seven major peaks between 285 and 650 nm and we concentrated on these peaks. 
Materials
In 1978 two p-nitrophenol Solutions were distributed. Participants were requested to determine the wavelength at which maximum absorbance occurred and to measure the absorbance at 405 nm. The /?-nitrophenol Solutions were prepared by J. T. Baker Chemicals B. V., Deventer, The Netherlands at two cön-centrations with a weight ratio of 2.00. The maximum was established at 400.0 nm with a Cary spectrophotometer. The absorbances detennined with the Cary were: solution A: 0.3178, solution B: 0.6281, ratio 1.976.
In 1983 two cobaltous sulphate Solutions were prepared containing 10.0 g/l and 23.0 g/l, respectively. Participants were asked to establish the absorbances at 510 nm (/ = 10 mm).
In the 1984 survey, Solutions in perchloric acid, 0.1 mol/I with respect to holmium ions, (Ho The participants were asked to measure the holmium solution against aqua dest äs a blank. The obligatory light path was 10.0 mm, and the measurements had. to be performed under normal (rputine) conditions. In the lower wavelength ränge quartz cuvettes must, of course, be used.
Results
In the measurement of the /?-nitrophenol Solutions the mean value for the maximal absorbance wavelength was 400.4 nm, with a Standard deviation of 1.75nm.
The absorbance measurements for the /?-nitrophenol Solutions and the ratio of the absorbances for the two different concentrations are given in table l* After elimination of outliers (> 3 s. d.) the mean absorbances of the cobaltous sulphate Solutions were 0.1225 ± 0.0038 (n = 132) and 0.2819 ± 0.0068 (n = 133), giving coefficients of Variation of 3.10% and 2.41%. The ratio of absorbances is 2.301.
For the .holmium Solutions the 7 major peaks (see fig. 1 ) are given in 
Discussion

Wavelength accuracy
The /7-nitrophenol survey was only meant to check the wavelength calibration at the 400 nm region. The mean value obtained for the maximum absorbance of the /?-nitrophenol was in good agreement with the reference value of 400.0 nm. The conclusion might be that in this region the interlaboratory differences were rather small.
The holmium survey does confirm this conclusion. Not only is the wavelength calibration correct for the near visible region of the spectrum, but also for the whole visible spectrum. Moreover the Standard deviation decreased to 0.75 nrn. Thus 95% of the Instruments measure within 1.5 nm of the maximum, which seems to be acceptable.
In figure 2 a histogram given for the 451.4 nm peak demonstrates that the spectrophotometers of different manufacturers are equally good. And äs instrumental differences in wavelength calibration over the entire spectrum do not exceed the mentioned difference at 287 nm, the given conclusion seems to be correct. It is obvious that in the scanning of the Ho 3 +-spectrum the maxima can be found correctly without measuring the absorbances correctly. The maximal absorbance, although too low with respect to absolute values (due to the too large band-width of the Instrument), still indicates accurately the wavelengths of peak absorbance. Speclrophotometer type 
Absorbance measurements
The results obtained with the p-nitrophenol Solutions (tab. 1) show that linearity is quite satisfactory in the 400 nm r nge. The difference between the mean value of the ratios of all results and the reference value was 0.1%. For the individual spectrophotometers, Hitachi deviated most from the reference ratio, but even this deviation was only 0.55%. The Vitatron colorimeters showed a difference from the reference ratio of 0.65%. Not only the linearity is satisfactory in this 400 nm region, but also the absorbances themselves. The greatest difference in absorbance from the mean value, 2.3%, is scored again by Hitachi. The good performers (20% of total participants) concentrate around the former value, the weak performers around the latter.
Comparing the different types of Instruments it is remarkable that all types are represented in the bestperforming group, except Hitachi and Uvicon. Even more striking, is the fact that group of Uvicon-users shows the lowest Standard deviations for the mean absorbances over the entire spectrum which is a good example of "precision". 
General conclusions
-Wavelength accuracy for different types of spectrophotometers is quite satisfactory with Standard deviations of about 0.7 nm over the entire wavelength ränge. -Linearity of spectrophotometers in the 400 and 500 nm regions is satisfactory. Such measurements were not performed in other wavelength ranges.
-Absorbance accuracy, especially at lower wavelengths (287 nm), depends strongly on handling of Instruments. Absolute absorbance measurements in this wavelength ränge require a combination of high monochromaticity and high instrument sensitivity. Many users are obviously not aware of this fact, and measure absorbances that are too low. -With the exception of the 287 nm region, absorbances of different types of Instruments were within 10% of reference values and at the higher wavelengths even within 5%. -The different type of Instruments are equally satisfactory, although users of Gilford Stasar found in general absorbances that were too low. The 9 participants with a Uvicon Kontron excelled in the high precision of their absorbance measurements.
Pro memory
Laboratories interested in the Ho 3+ Solutions (5 ml) for checking their own Instruments have a limited opportunity to order l or 2 arhpoules at cost price.
